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 1 INTRODUCTION 
A good management of a river ecosystem requires 
that the definition of the good functionality of the 
ecosystem is known. That functionality depends 
on the interactions of sediments, macrophytes and 
stream flow. The interactions result in a heteroge-
neously vegetated river, characterized by a pattern 
of macrophyte patches and flow gradients. 
According to Jones et al. (1994), macrophytes 
can be called ecosystem engineers. These ecosys-
tem engineers modulate directly or indirectly the 
availability of resources to other species by caus-
ing physical state changes in biotic or abiotic ma-
terials, and by doing this, they modify, maintain 
and create habitats (Jones et al. 1994). Macro-
phytes do indeed impact abiotic factors such as 
the sediments and stream flow in the river (Schulz 
et al. 2003). By interacting with the available nu-
trients in the water (Harvey et al. 2011), they cre-
ate opportunities for other organisms. 
Positive and negative feedback mechanisms 
can be discovered in the river ecosystem (Fisher et 
al. 2007). The occurrence of macrophyte patches 
in the river gives a lower water velocity through 
the patches, and a higher one around them. This 
velocity gradient interacts with the sediments in 
and around the patches, resulting in sedimentation 
at some locations, and erosion on others (Wharton 
et al. 2006) (Jarvela et al. 2006). The concentra-
tion of nutrients is also influenced by the presence 
and distribution of the macrophytes. The patches 
can even influence themselves. More upstream 
patches are a protection for downstream patches, 
the same can be said about the upstream and 
downstream part of one patch. The occurrence of 
feedback mechanisms at different scales gives 
evidence of a possible spatial self-organization of 
the macrophyte patches in the river ecosystem 
(Rietkerk and Van de Koppel 2008). 
Research on the plant-flow interactions and 
self-organization is on-going (Corenblit et al. 
2009) (Schulz et al. 2003) (Franklin et al. 2008), 
but there is still a need for a better understanding 
of the plant-flow interactions. The Hydraulics 
Laboratory of Ghent University, in collaboration 
with the ECOBE research group of the University 
of Antwerp, is developing a STReam-RIVer-
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ABSTRACT: The interaction of macrophytes, stream flow and sediments results in heterogeneity in 
vegetated rivers. This process is characterized by the formation of a pattern of macrophyte patches and 
flow gradients and defines the functionality of the river ecosystem. A one-dimensional model, describing 
the plant-flow interactions in a simplified way, has previously been established. For the development of a 
two-dimensional, depth-averaged model, the understanding of the plant-flow interactions is very impor-
tant. To get more insight in those processes, the input of 2D data with a high spatial and temporal resolu-
tion is elementary. Therefore we are developing a new optical measuring technique, using aerial imagery 
to obtain high resolution data of the different stream characteristics needed to describe the interactions. 
This paper describes the setup of this optical measuring technique. 
An off-the-shelve digital camera (Nikon D300s) will be mounted onto a pole or an unmanned aerial vehi-
cle. Due to the low operating altitude, a high spatial resolution can be obtained. After the necessary image 
geo-referencing, the pixel values captured in the imagery can be converted into physical reflectance val-
ues. The interpretation of the latter will enable the extraction of the characteristics needed for the devel-
opment of the 2D model, which will support us to a better understanding of the ecosystem interactions. 
All measurements will be repeated regularly through the macrophytes’ growing season to capture the evo-
lution of the growing process. Since the project only started in 2010, many issues have to be explored and 
further developed, while additional questions may arise. Therefore, the measurement plan and characteris-
tics to be measured might be further adapted during the campaigns. 
Ecosystem model (STRIVE) describing those in-
teractions. After the establishment of a one-
dimensional model, we want to develop a two-
dimensional (2D) depth-averaged model including 
the patchiness of the vegetation in the river. 
To gain more insight in important plant-flow 
interaction processes that have to be included in 
the model, we are developing an optical measur-
ing technique. Once everything operates as ex-
pected, high resolution 2D data of the different 
stream characteristics will enable the extraction of 
the essential data needed for the 2D model, even-
tually leading to a better understanding and quan-
tification of the previously mentioned interactions. 
The technique aims to make the data-gathering 
process less time consuming and less labour-
intensive compared to the techniques presently 
used, while resulting in a better spatial resolution 
of the obtained data. 
This paper describes the setup of this optical 
measuring technique along with the first mile-
stones that are currently in the pipeline. 
2 DEVELOPMENT AND APPLICATION OF 
THE NEW OPTICAL IMAGING 
TECHNIQUE 
2.1 Hardware  
Since the aim is to develop a straightforward, low- 
cost measuring technique, an off-the-shelve digital 
still camera is used. For various reasons (e.g. the 
ability to shoot High-Definition movies) a Nikon 
D300s has been chosen (NikonCorporation 2009). 
This camera will be equipped with a Tokina AT-X 
116 Pro DX, a wide angle lens that has a very 
large field-of-view. Although this comes with the 
penalty of optical distortions, an accurate camera 
model was generated and allows for undistorting 
all the acquired imagery. 
The digital camera will be put onto two aerial 
platforms. Initially, a single pole system will be 
used. Since this system attains a maximum height 
of 5 meters, it enables the acquisition of nadir im-
ages that cover the entire width of small streams 
in one picture. However, due to obvious mobility 
issues and limitations in case of larger rivers, this 
approach only allows to map rivers that are lim-
ited in both channel width and length. Therefore, 
an unmanned aerial vehicle (UAV) called Pixy 
(i.e. a radio-controlled paramotor) will be used to 
cover larger rivers (VisionDuCiel 2008). 
Although the Pixy will operate in the 20 to 40 
m range, both approaches yield imagery with a 
(sub-)centimeter spatial resolution. 
As is inherent to most unmodified cameras, 
three broad spectral bands are acquired: a blue 
(400-500nm), a green (500-600nm) and a red 
band (600-700nm). Next to a qualitative assess-
ment of the spectra (by looking at the contrast be-
tween different pixels), a more quantitative ap-
proach is possible. Although the first one is more 
easily applicable, the second approach can provide 
some important physical parameters. More in de-
tail, the digital numbers of all three channels will 
be related to ground reflectance values by a com-
mon empirical line method (Xu and Huang 2008). 
In-situ spectral measurements will provide all the 
necessary data for this, while a radiometric cam-
era calibration will tackle any non-uniform radi-
ance response across the imaging sensor. Once all 
pixel values are converted to reflectance values, 
some common band indices – that have previously 
proven their effectiveness in the remote sensing 
field – can be calculated as well. 
2.2 Location  
The area which will mainly be studied is a part of 
the Zwarte Nete, a small lowland river of the 
Scheldt catchment in the north-eastern part of 
Belgium. The soil in that neighbourhood consists 
of a sand. The width of the river is only 4 to 5 me-
ters, allowing the use of the pole for this first se-
ries of measurements. The depth of the river 
ranges roughly from 0.3 to 1 meter. 
 The macrophytes occurring most in the studied 
river are Various-leaved Water Starwort (Cal-
litriche Platicarpa), Spiked Water Milfoil 
(Myriophyllum Spicatum), European Bur-reed 
(Sparganium Emersum) and American Elodea 
(Elocea Canadensis). 
 After the exploration of this first study site, 
other sites will follow. As the ultimate goal is the 
development of a broadly applicable measuring 
technique, the study area must be broadened to see 
whether the derived technique is valid for other 
lowland rivers as well. 
2.3 Measuring techniques  
We will try to derive some different properties of 
the macrophytes, the flow velocity and the sedi-
ments. The next paragraphs report those properties 
and how we want to unravel them. All properties 
will additionally be measured by already estab-
lished techniques, to be able to validate the accu-
racy of the data derived from the pictures, and to 
calibrate the image data where necessary. 
a. Occurrence of macrophytes 
An important factor for the development of a self-
organization theory is the registration of the spa-
tial occurrence of the different macrophyte species 
in the river. By taking pictures of the whole river 
under study and stitching these pictures, a map of 
the total river reach can be obtained for a better 
overview of the spatial distribution of the different 
species. Next to the location of the patches, their 
shape and size can be studied. 
In the study site some reference points will be 
installed, to make sure that the photographs can be 
geo-referenced. This does not mean that these so-
called ground control points (GCPs) will be visi-
ble on each image, the goal is to first stitch the 
photographs, and subsequently use the GCPs to 
geo-reference the whole map at once. 
At least the difference between emergent, float-
ing and submerged vegetation has to be derived, 
because this is an important factor for the hydrau-
lic modelling of the river. This difference should 
be distinguishable by looking at the digital num-
ber of the pixels or, if necessary, at the ratio be-
tween different spectral bands. Maybe even dif-
ferent species might be detectable, but in the first 
place the plant type (emergent, floating, sub-
merged) is the most important for the develop-
ment of the hydraulic model, as this defines the 
change of the stream velocity along the depth 
(Shucksmith et al. 2010). 
Another important factor for the hydraulic 
properties of the macrophytes, is the height of the 
submerged vegetation (Poggi et al. 2009). This 
factor may be deduced by looking at the change of 
the pixel values under investigation with depth, by 
checking the change of the surface water velocity 
vectors or maybe by applying photogrammetric 
techniques. Whether this is feasible or not, or 
what is the best manner to do this, has to be 
checked after taking the imagery. 
A last plant characteristic we want to derive 
from the aerial shots is the biomass of the macro-
phyte patches. This might be directed straight 
away from the pixel values (or their calculated 
corresponding reflectance), or from the amount of 
water noticeable in between the macrophyte 
leaves and stems. 
b. Stream velocity and velocity gradients 
For the measurement of the 2D velocity field 
around the macrophyte patches, large-scale parti-
cle image velocimetry will be applied. This tech-
nique makes use of natural or artificial tracers. 
Successive photographs record their displacement 
through time. By applying a pattern-matching 
technique afterwards, 2D surface velocity field 
can be derived (Muste et al. 2008). The technique 
has already proven its success in a broad range of 
measuring sites (Fujita and Hino 2003) (Hauet et 
al. 2009) (Ho et al. 2009). 
 We expect the natural occurring tracers in the 
water to be inadequate to compose a detailed, high 
resolution definition of the 2D velocity field. 
Therefore, artificial, biodegradable tracers will be 
used. 
We have not yet chosen the magnitude and 
seeding density of the particles used, but some test 
measurements will indicate which properties will 
provide the best results. Since the measuring tech-
nique provides high spatial resolution data, the 
particles should be small enough in order to ex-
tract the resolution of the velocity field as high as 
possible. 
Since nadir pictures are our standard, the proc-
essing of the images will be more easy afterwards, 
and we expect this not to be too difficult. By mak-
ing use of the pole, all images will cover the same 
area. Once the Pixy is used, this is not longer true, 
and an extra treatment to match the pictures is 
necessary. 
For the derivation of the velocity field of the 
pictures we will use VidPIV, a software devel-
oped for PIV computations by ILA (Intelligent-
LaserApplications). 
c. Sediment characteristics 
The third important cornerstone in the ecosystem 
interactions are the sediments. Since the bottom of 
the river is not always distinguishable on the pic-
tures, it will be difficult to derive bottom charac-
teristics. 
Something probably more easy to derive is the 
amount (and possibly the type) of suspended 
sediments in the water. By linking the colour of 
the water, or the ratio between different colour 
spectra, to in-situ measurements, a correlation will 
be derived (Liedtke 1987). Of course the water 
colour depends on the incidence of light, and is 
therefore dependent on the time of the day and 
year, as well as on the weather conditions. There-
fore, an accurate radiometric calibration and at-
mospheric correction will be applied before deriv-
ing the suspended sediment concentration 
(Murphy et al. 2009). 
3 FURTHER RESEARCH 
All measurement described above will be repeated 
regularly throughout the macrophytes’ season, to 
obtain a good mapping of the whole growing cy-
cle with all related interactions. Once the total 
measuring plan is set out, other rivers might be in-
cluded in the research, to be able to make the 
measuring technique applicable in different situa-
tions. 
Since this is only the start of the project, further 
development of the measuring technique set out in 
this article will be necessary. All parts described 
will need further research and development, to es-
tablish an integrated technique able to map the 
characteristics needed for the development of a 
2D model of the river. Eventually, this model then 
will help us to interpret the characteristics and will 
lead to further insight in the interactions of the 
river ecosystem.  
Since other research questions may arise during 
the campaign, this measurement plan might be 
adapted throughout the development. 
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